ABSTRACT OBJECTIVES: In 2009, due to increasing congenital syphilis rates, prenatal syphilis tests (PST) at both mid-gestation and delivery were added to first trimester prenatal screening in the province of Alberta. We sought to determine the proportion of mothers who had all three recommended PSTs during this period and to identify factors associated with incomplete PST.
arly identification and treatment of syphilis infections in pregnancy is crucial to the prevention of transmission of infection from women to their unborn infants. Untreated syphilis infections in pregnant women or acquired infections during pregnancy can result in stillbirth, preterm birth, congenital abnormalities or neonatal disease. Transmission typically occurs transplacentally but can also occur at the time of delivery through contact with vaginal lesions. Although any stage of untreated syphilis infections can result in vertical transmission of infection, the risk of transmission is highest (i.e., 70%-100%) with primary or secondary syphilis infection. 1, 2 Universal prenatal syphilis screening is recommended as one facet in the strategy for the elimination of congenital syphilis, 3 however there is limited literature on maternal characteristics associated with poor compliance with prenatal syphilis testing. Studies have shown that lack or late initiation of prenatal care, [4] [5] [6] [7] [8] single marital status, 5 tobacco, alcohol or drug use, 4, 5, 8 and rural residence 4 are associated with congenital syphilis infections and may represent factors associated with barriers to prenatal screening. In 2007, a syphilis outbreak was declared in the Canadian province of Alberta. The provincial infectious syphilis rate increased from 0.6/100,000 in 2000 to 6.4/100,000 in 2006 with 28 congenital syphilis cases (stillborn and live births) diagnosed between 2006 and 2011. 9 These perinatal transmissions took place despite a Provincial Prenatal Screening Program, implemented in 2002, whereby all pregnant women seeking prenatal care are tested for syphilis and four other infectious disease markers (hepatitis B, HIV, rubella and varicella) at their first prenatal visit. 10 When the outbreak was declared in 2007, many of the mothers of infants with congenital syphilis had limited or no prenatal care or screening. 6, 7 However the mother of at least one congenital syphilis case had tested negative at her first trimester screen but acquired syphilis infection later in pregnancy from a believed-to-be monogamous relationship. 11 In response to the syphilis outbreak and rise in congenital syphilis cases, a prenatal syphilis rescreening program was recommended by Alberta Health and was implemented in the spring of 2009. In addition to first trimester syphilis screening, it was recommended that all pregnant women be rescreened for syphilis at 24-28 weeks gestation to coincide with their glucose tolerance test and again at labour and delivery. 12 The addition of the mid-gestation syphilis screen was to provide another opportunity to identify infection missed by the first trimester screen so that timely treatment could be given during pregnancy to possibly prevent vertical transmission, while rescreening at delivery served to detect new cases acquired in the third trimester to allow for appropriate clinical treatment and follow-up of the mother and infant. 13 Detailed information about the syphilis outbreak and the new rescreening policies were widely circulated to health care personnel who provided prenatal and/or perinatal care in the province, including general practitioners, family physicians, obstetricians and midwives as well as targeting hospitals and health care centres that provide obstetric care in the province.
Here we report the proportion of women delivering babies in 2010 and 2011 who had first trimester prenatal syphilis screening and rescreening performed at both the recommended midgestation and delivery time points. Using a cohort of all mothers delivering babies during the period of the syphilis rescreening program, we describe the maternal demographic and prenatal care characteristics associated with i) receipt of prenatal syphilis testing (PST) at the three recommended time points, and ii) receipt of PST only at the time of delivery or no receipt of PST throughout pregnancy or at delivery.
METHODS
A birth cohort of live and stillborn infants in Alberta between January 1, 2010 and December 31, 2011 was obtained from the Alberta Vital Statistics Registry. This cohort was deterministically linked through their unique personal health number (PHN) to individual-level data from a number of provincial databases, including: Alberta Health Care Insurance Plan (AHCIP), Notice of Birth (NOB), Supplemental Enhanced Service Event (SESEphysician claims), and the Alberta Provincial Laboratory for Public Health. First Nations status was defined as anyone ever having registered with AHCIP as either status First Nations or Inuit, two of the indigenous population groups in Canada. The NOB form is completed by health care staff at the time of birth and has a mandatory section that was the source of the information on birth attendant (physician, midwife), maternal age, marital status, and postal code, and a non-mandatory section that provided information such as smoking and alcohol use during pregnancy. Prenatal care provided by a physician was captured through the SESE -physician claims database. Prenatal care was defined as having at least one visit where the physician billed for prenatal care (procedure code: 03.03B) or if there was a midwife as the birth attendant (assuming that the midwife involved would have provided prenatal care during the pregnancy). The location of residence variable (urban, rural, remote rural, and metro) was determined through standard Alberta Health methodology whereby an individual's postal code of residence is used to determine geographic boundaries, population densities, and time to travel to a variety of health services. Income quintile was determined using postal code and was based on the average income of the census dissemination area in which the mother was living at the time of delivery. Income groupings were ranked separately by urban/rural geographical location and then pooled together to determine overall income quintile to reduce bias from the differing income profiles of rural and urban areas. The number and timing of PSTs were analyzed for all pregnancies. Screening in the first trimester was defined as any test prior to 13 weeks gestation, mid-gestation screening was defined as any screening from 24-28 weeks and screening at delivery was defined as a PST within 72 hours of delivery. The birth of multiple infants was analyzed as one pregnancy event. Those with all three recommended rescreenings were compared to the rest of the cohort of mothers delivering babies during this time period. Comparisons were performed using chi-square tests for categorical variables and Mann-Whitney tests for continuous variables. Maternal age and number of prenatal care visits were collected as continuous variables but were analyzed as categorical variables based on clinically relevant standard cut-points. Secondary analysis examined women who had no PST throughout their pregnancy or at delivery and those women who only had PST at the time of delivery as compared to all other women who had at least one PST prior to delivery. Multivariable logistic regression was used to identify variables independently associated with the three recommended PSTs among those women giving birth in Alberta. Any variable associated with the outcome at a p-value <0.10 in univariate analyses was assessed in the multivariable model, however only those variables that remained significant (p < 0.05) were included in the final model.
All analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC).
Ethics approval was received by the Health Research Ethics Board at the University of Alberta, Edmonton.
RESULTS
There were 99,609 pregnancies resulting in a live or stillborn infant between January 1, 2010 and December 31, 2011 in Alberta. Of these pregnancies, 98.5% (98,162) had at least one PST and of these, 1.5% (1,492) had their only PST at the time of delivery (Table 1) Information on alcohol and smoking during pregnancy was missing for 13.5% and 14.6% of women respectively. Pregnancies missing (vs. not missing) these data were more likely to: have no prenatal care; have a midwife-attended birth; and live in an urban location; but both groups were similar in terms of age, income quintile and First Nations status. Separate logistic models without the inclusion of the smoking and alcohol variables were run. There was no significant difference in the effect size or significance values for the results, except for the midwifery care category. The AOR for only midwifery care as compared to physician prenatal care only was increased to 19.6 (95% CI: 13.6-28.3) in the model without smoking from 13.7 (95% CI: 9.2-20.4) in the model with smoking.
We also examined women who had no PST documented (n = 1,447) together with those who had their first and only PST at the time of delivery (n = 1,492) and compared them to women with any PST testing prior to delivery (n = 96,670 4 .2%, p < 0.0001 respectively) (data not shown). They were also more likely to have no prenatal care (39.2% vs. 2.0%, p < 0.0001) or to seek midwifery care (4.1% vs. 2.6%, p < 0.0001), and among those who sought physician prenatal care, women who had no or late testing were less likely to start physician care in the first trimester (37.8% vs. 64.3%, p < 0.0001).
Women who had their first PST at the time of delivery were more likely to: have First Nations status (18.6% vs. 13.1%, p < 0.0001); not be married (51.1% vs. 43.9%, p < 0.0001); live in an urban area (19.6% vs. 9.9%, p < 0.0001); and start prenatal care in the last trimester (23.1% vs. 14.1%, p < 0.0001) compared to those who had no documentation of a PST.
Midwife use was associated strongly with having no PST; 4.4% of women who used midwives did not have any PST, while only one woman with a midwife had her sole PST screening at the time of delivery (p < 0.0001). Of the 1,724 pregnancies with only midwifery care, 5.7% did not have any PST, this compared to 0.8% of women seeking prenatal care without a midwife. The midwife patient population represents 14.3% of all women who had prenatal care and never received a PST. We also compared midwife patients to women who did not use a midwife; women who used midwives in our cohort were older (median age 31 years [IQR: 25-37] vs. 29 years [IQR: 21-37], p < 0.0001), and were less likely to be First Nations (3.3% vs. 7.3%, p < 0.0001), to have single marital status (14.5% vs. 30%, p < 0.0001) and to be in the lowest income quintile (12.1% vs. 21.3%, p < 0.0001).
Furthermore, we examined women moving to Alberta while pregnant to assess the effect of migration on the potential for misclassification of prenatal care or PST status. Twenty-three (0.7%) Note: First trimester screen is defined as screening taking place at 1-12 weeks of gestation. Mid-gestation screen is defined as screening taking place at 24-28 weeks of gestation as per Alberta rescreening recommendations. Delivery is defined as ±3 days around the date of delivery.
PRENATAL SYPHILIS SCREENING IN ALBERTA
of the women who were classified as having received no prenatal care migrated to Alberta during their pregnancy. Of these 23 women, all had at least one PST recorded in Alberta during their pregnancies, except for 3 women who had PST recorded at delivery only and 1 who had no PST recorded.
DISCUSSION
The vast majority (98.5%) of pregnant women in Alberta received at least one PST during their pregnancy, however only 20.7% of pregnant women had the three recommended PSTs during pregnancy. This low uptake of all three recommended PSTs was seen despite an ongoing syphilis outbreak that was publicized in the media and bulletins being sent to health care professionals to inform them of the changes to prenatal syphilis testing. We sought to determine factors associated with not having the recommended PST during pregnancy, as most of the congenital syphilis cases in Alberta were diagnosed in infants born to women who had little or no prenatal care. 6, 7 In our study, factors associated with not having the recommended prenatal syphilis testing included First Nations status, single marital status, non-metropolitan residence, lower income quintiles, midwifery care, and late or no prenatal care. Similar risk factors were identified for women who were not screened at all or only at delivery. Lack or late initiation of prenatal care has been associated with lack of prenatal syphilis screening in other studies. 8, 14 Other correlates, such as rural residence and single marital status have previously been associated with congenital syphilis transmission. During the period of this prenatal screening evaluation (2010-2011), seven mothers gave birth to babies with congenital syphilis and none had a PST in the first trimester. Four of these mothers started prenatal care in their second trimester, one in the third trimester and two had no prenatal care, as determined by our study methods. Because these cases presented later in gestation, it is possible that congenital syphilis could have been prevented if appropriate interventions had been given earlier in the pregnancy. Note: Variable data are missing as follows: not married (0.1%), income quintile (0.6%), residence (0.03%), smoking (13.6%) and alcohol use (14.6%). * The recommended PST protocol included one PST in the first trimester, a second PST at 24-28 weeks and a third at the time of labour and delivery. † The p-value was calculated using chi-square tests. ‡ The categories are not mutually exclusive. § Does not include data for those women who sought midwifery care.
From a public health perspective, identification of and support for high-risk groups who do not receive early and adequate prenatal care is paramount. Due to the lower uptake of mid-gestation syphilis rescreening, combined with the limited utility for the diagnosis of new syphilis infections with mid-gestation screening, Alberta Health decided in January 2012 to no longer recommend mid-gestation syphilis screening for all pregnant women. 15 Screening for syphilis during the first trimester and again at delivery continue to be recommended in Alberta for all pregnant women, with the understanding that more PSTs are indicated during pregnancies for women with significant risk factors for infection. The Canadian Guidelines on Sexually Transmitted Infections recommend that prenatal screening be performed in the first trimester, at midgestation (i.e., 28-32 weeks) and again at delivery among pregnant women who are at high risk of acquisition of syphilis, or in areas that are experiencing heterosexual syphilis outbreaks. 13 The guidelines emphasize that universal syphilis screening of pregnant women should continue to be standard of care in most Canadian jurisdictions. 13 Our study identified midwife-attended birth as a risk factor for not having any PST. Previous Canadian studies have also reported midwife use being associated with lower prenatal HIV testing rates. 16, 17 This may be due to women who choose midwifery care having alternative beliefs regarding health care interventions, as evidenced by recent literature showing decreased vaccination rates and neonatal vitamin K prophylaxis among children born to women who sought midwife care. 18, 19 This trend might also be due to midwifery's principles of encouraging informed choice for independent decision making. 20, 21 Women using midwives in our cohort were older, and less likely to be First Nations, single and in the lowest income quintile than women not using midwives. The only statistically significant difference between the midwifery patients who did and did not have a PST was that those who also saw a physician for prenatal care in the first or second trimester were more likely to be tested (97.9% vs. 94.3%, p < 0.0001). It is possible that these midwifery patients deemed themselves, or the midwives deemed their patients to be, at low risk for syphilis infection and therefore prenatal syphilis screening was not felt to be warranted. None of the babies born in Alberta with congenital syphilis during this study time period had a midwife-attended birth. This population-based program evaluation with linkage to multiple population-based databases and registries provides a complete picture of provincial PST. Study limitations included the fact that pregnant women tested via routine syphilis testing instead of the Provincial Prenatal Screening Program would not have been identified through our study methodology. Thus the small number of the women classified as having received no PST might be overestimated. In addition, there is the potential for misclassification of prenatal care. Prenatal care might not be fully captured if it was not billed as such by the physician (e.g., family physician billing for a routine visit), or if care was delivered by a non-physician (e.g., nurse-practitioner). In addition, midwifery prenatal care during pregnancy would not have been captured if the infant was delivered by a physician as this variable was determined by attendant at birth. These factors may explain the 64.9% of 3,094 women classified as having no prenatal care but who actually had a PST prior to labour and delivery. If prenatal screening was performed outside of Alberta, these data would not have been captured by our study methods, however an examination of migrant women identified as having no prenatal care in our study indicated all, except one, had a PST in the province.
CONCLUSIONS
In 2010-2011, nearly all pregnant women in Alberta received PST at least once during their pregnancy, however far fewer women received all three recommended screenings. Policies and interventions that target those who are less likely to be screened are important to ensure that pregnant women get early prenatal care and appropriate testing to protect the health of their infants. 
